ABSTRACT SPIDERS (SPectroscopic IDentification of eROSITA Sources) is an SDSS-IV survey running in parallel to the eBOSS cosmology project. SPIDERS will obtain optical spectroscopy for large numbers of X-ray-selected AGN and galaxy cluster members detected in wide area eROSITA, XMM-Newton and ROSAT surveys. We describe the methods used to choose spectroscopic targets for two sub-programmes of SPIDERS targets: X-ray selected AGN candidates detected in the ROSAT All Sky and the XMMNewton Slew surveys. We have exploited a Bayesian cross-matching algorithm, guided by priors based on mid-IR colour-magnitude information from the WISE survey, to select the most probable optical counterpart to each X-ray detection. We empirically demonstrate the high fidelity of our counterpart selection method using a reference sample of bright well-localised X-ray sources collated from XMM-Newton, Chandra and Swift-XRT serendipitous catalogues, and also by examining blank-sky locations. We describe the down-selection steps which resulted in the final set of SPIDERS-AGN targets put forward for spectroscopy within the eBOSS/TDSS/SPIDERS survey, and present catalogues of these targets. We also present catalogues of ∼12 000 ROSAT and ∼1500 XMM-Newton Slew survey sources which have existing optical spectroscopy from SDSS-DR12, including the results of our visual inspections. On completion of the SPIDERS program, we expect to have collected homogeneous spectroscopic redshift information over a footprint of ∼7500 deg 2 for >85 percent of the ROSAT and XMM-Newton Slew survey sources having optical counterparts in the magnitude range 17<r<22.5, producing a large and highly complete sample of bright X-ray-selected AGN suitable for statistical studies of AGN evolution and clustering.
INTRODUCTION
X-ray emission is a signpost of accretion of matter onto the super-massive black holes that seed the whole population of massive galaxies and may strongly influence their formation and subsequent evolution. X-ray selected samples of active galactic nuclei (AGN) are particularly powerful because, compared to UV/optical/mid-IR selection methods, X-ray selection is much less susceptible to (but not completely immune from) the deleterious effects of obscuration by intervening material and the dilution of AGN light by the host galaxy (e.g. see the recent review by Brandt & Hasinger 2005 , and references therein).
Samples of X-ray selected AGN have been relatively small compared to the purely optically selected AGN available from large area optical surveys such as the Sloan Digital Sky Survey (SDSS; York et al. 2000) . Although there are many X-ray survey fields currently under active study, the spectroscopic completeness is typically low, or the survey extents are typically small (Brandt & Hasinger 2005) . As a result, even amongst the most intensively studied fields, the number of X-ray AGN with spectroscopic identifications does not exceed a few thousand sources per field, as for example, in the XBoötes/AGES survey (Kochanek et al. 2012) , and in the Baryon Oscillation Spectroscopic Survey (BOSS) ancillary project within the Northern XMM-XXL field (Menzel et al. 2016) . It is therefore not surprising that our understanding of black hole growth across cosmic time lags significantly behind investigations of galaxy evolution. Indeed, the physical conditions under which AGN are fuelled likely depend on a number of parameters, such as host galaxy stellar mass or position within the cosmic web. Disentangling the relative significance of those factors requires large samples to account for the potentially large intrinsic scatter of relations and co-variances between parameters of interest.
Efforts to obtain complete redshift information for allsky X-ray samples, the exemplar being the Röntgen Satellite All-Sky Survey, (RASS; Voges et al. 1999 Voges et al. , 2000 Boller et al. 2016) , have been hampered by the typically rather poor positional accuracy of the X-ray detections. For example, the mean and 95th percentile of the 1 σ error radii are ∼20 arcsec and ∼35 arcsec respectively for sources in the RASS catalogue. Historically, this has made selection of the correct optical counterparts difficult because, even at the relatively shallow depths of currently available wide area imaging (e.g. the r∼22.5 mag limit reached by SDSS imaging; Aihara et al. 2011) , there are already many possible optical counterparts found within the error circle of each all-sky Xray source. Despite these difficulties, several groups have reported the results of cross-matching the RASS catalogues to counterparts found in wide-area optical and near-IR surveys (e.g. Véron-Cetty et al. 2004; Mickaelian et al. 2006; Parejko et al. 2008; Haakonsen & Rutledge 2009; Greiner & Richter 2015) . However, these studies have often relied on some degree of human interaction in the cross-matching process, or have been limited to only the bright end of the population, both of which are undesirable features when compiling wellunderstood and complete samples.
Even where the cross-matching hurdle has been overcome, the follow up of tens of thousands of X-ray sources with single object spectrographs requires a prohibitively large telescope time allocation. The largest RASS follow-up programs to date have, by necessity, focused on the optically bright part of the X-ray source population, and have been carried out as a small component of of large scale galaxy redshift surveys exploiting wide-field highly-multiplexed fiberfed spectrographs. For example, Anderson et al. (2007, hereafter A07) report spectroscopically identified counterparts for ∼7000 RASS sources covering 5740 deg 2 (i.e. the spectroscopic footprint of the SDSS 7th Data Release, DR7, Abazajian et al. 2009 ). Their sample comprises 6224 broad line AGN (BLAGN), 515 emission line galaxies (ELGs) and 266 BL Lacs, based on visual inspection of the spectra. Another large sample was presented by Mahony et al. (2010) , who report reliable spectroscopic identifications for 1715 RASS bright catalogue sources covering 17 046 deg 2 obtained as part of the 6-degree-Field Galaxy Survey (6dFGS; Jones et al. 2004 Jones et al. , 2009 ). The RASS-6dFGS sample has a 90 percent redshift success rate at b j =17.5 (Vega) but has a rapidly declining success rate towards fainter fluxes, and so is dominated by optically bright objects. Unfortunately, these existing large spectroscopic samples are still incomplete, since a large fraction of the X-ray detections still lack a spectroscopically measured counterpart, and inhomogeneous, since a variety of criteria or supporting data have been used to select the counterparts to X-ray sources and to determine which of those counterparts receive spectroscopic follow up.
SPIDERS (SPectroscopic IDentification of eROSITA Sources) is an observational programme within the SDSS-IV project (Blanton et al. 2017 ) which seeks to improve upon the aforementioned situation. SPIDERS will run for up to 6 years (2014) (2015) (2016) (2017) (2018) (2019) (2020) alongside the Extended Baryon Oscillation Spectroscopic Survey (eBOSS; Dawson et al. 2016) and Time Domain Spectroscopic Survey (TDSS; Morganson et al. 2015) projects. The primary goal of SPIDERS is to obtain extensive, homogeneous and complete spectroscopic follow-up of extragalactic X-ray sources, both pointlike and extended, using data from X-ray satellites and over the SDSS extragalactic imaging footprint. SPIDERS naturally splits into two main components; an AGN programme and a galaxy clusters programme (the latter is described by Clerc et al. 2016) . The SPIDERS-AGN programme has been designed to collect ∼40 000 spectra of X-ray AGN, and to bring population studies of accreting super-massive black holes to a new level of accuracy. First demonstrations of the SPIDERS science applications, based on the BOSS followup of X-ray selected AGN in the Northern XMM-XXL field, were presented by Menzel et al. (2016) ; Liu et al. (2016) . SPIDERS will target X-ray sources detected by the forthcoming all-sky X-ray survey to be carried out by eROSITA (extended ROentgen Survey with an Imaging Telescope Array; Merloni et al. 2012; Predehl et al. 2016 ). However, we have started the SPIDERS project in advance of the eROSITA launch (scheduled for 2018). We present in this paper the first phase of the SPIDERS-AGN programme (a.k.a. 'Tier-0') which exploits existing (pre-eROSITA) all-sky Xray source catalogues to explore the bright end of the X-ray AGN population.
An initial goal of the SPIDERS project is to obtain highly complete and reliable identifications for the optical counterparts to all RASS sources (from both the bright and faint catalogues; Voges et al. 1999 Voges et al. , 2000 , that fall within the eBOSS survey footprint and that have possible counterparts with magnitudes within the accessible range (17 < i < 22.5). In addition, SPIDERS will obtain redshifts for sources detected in the XMM-Newton Slew Survey (XMMSL; Saxton et al. 2008) , which covers a very wide sky area (around 2/3 of the full sky). The XMMSL is a factor of a few shallower than the RASS but has the advantage of being sensitive over a broader and harder energy range (0.2-12 versus 0.1-2.4 keV).
As we discuss in detail later, the mid-IR, specifically the all-sky survey performed by the Wide-field Infrared Survey Explorer (WISE ; Wright et al. 2010) , is the vital steppingstone that allows us to correctly select optical counterparts to the bright X-ray selected AGN in the RASS and XMMSL surveys. Studies made using the Infrared Astronomical Satellite (IRAS ; Neugebauer et al. 1984) , Spitzer (Werner et al. 2004) and WISE observatories have shown that AGN activity is almost always associated with mid-IR emission (e.g. Elvis et al. 1994; Stern et al. 2005 Stern et al. , 2012 Assef et al. 2013) . Indeed, the spectral energy distribution of X-ray selected AGN is characterised by a tight correlation between near-IR and X-ray flux, (e.g. Mainieri et al. 2002; Brusa et al. 2005; Civano et al. 2012; Marchesi et al. 2016) , particularly when high-spatial resolution mid-IR and hard-X-ray measurements are available (Gandhi et al. 2009; Asmus et al. 2014) . The tendency of luminous AGN to stand out from other astronomical populations in the mid-IR has been extensively exploited to separate them from the field galaxy population (e.g. Lacy et al. 2004; Stern et al. 2005; Hickox et al. 2007; Donley et al. 2012; Assef et al. 2013; Mateos et al. 2013) . In this work we show how the combination of WISE imaging data and a Bayesian cross-matching algorithm (full details of which will be presented by Salvato et al., in prep.) , can be used effectively to overcome most of the issues listed above, which have so far hampered the realization of highly complete follow-up programs for the RASS and XMMSL surveys.
The paper is laid out as follows. In section 2 we describe the data sets used in this study. In section 3 we describe the details of the cross-matching process, the selection of targets for spectroscopy within SPIDERS, and the process by which we have visually inspected SDSS-DR12 spectra associated with our X-ray samples. In section 4 we present several independent tests of the fidelity of our cross-matching and target selection schemes. In section 5, we discuss the properties of the >13 000 RASS and XMMSL sources with existing SDSS-DR12 spectral identifications. In section 6 we compare our sample to that of A07 and describe our expectations for the completed SPIDERS-AGN program.
Throughout this paper we express magnitudes in their native systems: AB magnitudes for SDSS (Fukugita et al. 1996) , and Vega magnitudes for WISE (Assef et al. 2013) . In order to allow direct comparison with existing works from the X-ray survey literature, we adopt a flat ΛCDM cosmology with h = H 0 /[100 km s −1 Mpc −1 ]=0.7; Ω M =0.3; Ω Λ =0.7, broadly consistent with the most recent Wilkinson Microwave Anisotropy Probe and Planck determinations (e.g. Hinshaw et al. 2013; Planck Collaboration et al. 2016) . The data products released in this work can be obtained from the MPE X-ray surveys website (http://www. mpe.mpg.de/XraySurveys).
PREPARATION OF INPUT DATA SETS
In this section we detail the steps taken to collate and prepare the input data sets that have been used to produce the final lists of SPIDERS targets. In all cases we have only considered targets that lie within the area defined by the 10 778 deg 2 of the SDSS-BOSS imaging footprint 1 . This footprint is a superset of the area that will be considered for the eBOSS observations. The BOSS imaging footprint consists of two large contiguous regions; 70 percent of the total area is in the North Galactic Cap (NGC), and the remainder is in the South Galactic Cap (SGC), see e.g. Fig. 1 . It is expected that, after six years of operations, eBOSS will have observed approximately 7500 deg 2 within this footprint. The spatial filtering was carried out using the polyid tool from the mangle 2 software suite (Hamilton 1993; Hamilton & Tegmark 2004; Swanson et al. 2008 ).
ROSAT All Sky Survey catalogue (RASS)
The Röntgen Satellite (ROSAT ; Trümper 1982) was used to carry out a 6-month-long scanning sky survey (RASS) in 1990-91, covering around 99.7 percent of the entire sky. Despite the many advanced X-ray observatories that have been launched since ROSAT, none has had a larger survey 'grasp' (used here to mean the product of telescope collecting area and field-of-view) in the soft X-rays, and so the RASS remains the most sensitive all-sky survey in the soft X-ray band (0.1-2.4 keV).
Two first-generation RASS source catalogues were produced, the Bright Source Catalogue (BSC; Voges et al. 1999) , containing 18 806 X-ray sources (detected with > 0.05 ct s −1 , at least 15 X-ray counts and a minimum detection likelihood of 15), and the Faint Source Catalogue (FSC; Voges et al. 2000) which contains 105 924 sources (detected with at least 6 X-ray counts and a minimum detection likelihood of 6.5). We constructed a parent sample of 32 408 X-ray sources from the concatenation of all RASS-BSC and RASS-FSC sources located within the BOSS imaging footprint. A small number (17) of RASS detections with undefined positional errors (likely to be detection algorithm artefacts) were then removed, leaving 32 391 sources. The median positional uncertainty (1σ radius, including a 6 arcsec systematic error) of the remaining RASS sources is 17 arcsec, and 95 percent have uncertainties smaller than 34 arcsec. No attempt was made at this stage to filter the RASS catalogue any further, for example, by detection likelihood. We discuss the frequency and impact of spurious X-ray detections later in section 4.3. The sky distribution of the RASS sample is shown in Fig. 1 . The mean sky density of sources is 3.0 deg −2 , but their distribution is far from uniform, due primarily to the uneven sensitivity limit of the ROSAT all-sky survey.
We describe in Appendix A1 our method to estimate unabsorbed X-ray fluxes from the RASS count rates (i.e. correcting for the photoelectric absorption due to the Galactic column density in the direction of the source). The unabsorbed 0.1-2.4 keV flux distribution of the RASS sources is Figure 1 . Sky distribution of the X-ray source samples considered in this paper. Top panel: RASS source density map gridded with a HEALPix pixelisation (NSIDE=32, 3.36 deg 2 pix −1 ) and displayed with an Equatorial Hammer-Aitoff projection. The density variations (and holes) are primarily due to the variations in effective exposure time and background count rate during the ROSAT survey. Bottom panel: Same for the XMMSL sources, but shown with a coarser pixel scale (NSIDE=16, 13.4 deg 2 pix −1 ). Note the differences in the greyscale ranges. The (solid blue) line indicates the perimeter of the BOSS imaging footprint. The Galactic plane is indicated (dashed red lines at b = 0, ±15 deg). presented in Fig. 2 . The distribution is strongly peaked with a median of 5.2 × 10 −13 erg cm −2 s −1 , and with 86 percent of the sources lying within ±0.5 dex of this value.
We note that Boller et al. (2016) have recently presented the second revision of the ROSAT X-ray Survey catalogue (2RXS), using additional ROSAT survey data, improved source detection algorithms, and improved source characterisations. Unfortunately the 2RXS catalogue was released after SPIDERS-AGN targets had been submitted for observation, and so we do not consider it further here. An associated work by several of us (Salvato et al., in prep.) will present WISE associations for 2RXS and XMMSL sources covering the entire extragalactic sky, using similar cross-matching techniques to those presented here.
XMM-Newton Slew survey catalogue (XMMSL)
As part of the normal operations of XMM-Newton, data are accumulated by the European Photon Imaging Camera pn detector during slews between pointed observations . As of early 2014, the XMM-Newton slew observations have covered 65 percent of the sky at least once 3 .
3 http://www.cosmos.esa.int/web/xmm-newton/xsa#download The XMMSL catalogue is built from sources detected in at least one of the following energy bands: soft (0.2-2 keV), hard (2-12 keV) and full (0.2-12 keV). Our starting point is the 'Clean' version of the XMMSL catalogue release 1.6 (2014 Feb. 26) 4 , from which we select the 4325 X-ray detections which fall inside the BOSS imaging footprint. However, some of the catalogue entries are multiple detections of the same X-ray source, whereas we require a list of unique sources. Therefore, where groups of XMMSL detections have the same UNIQUE_SRCNAME we choose only the best spatially constrained (i.e. having the smallest value of RADEC_ERR). Additionally, we choose only the best spatially constrained detection from any pairs of sources that lie within a 30 arcsec radius circle. These filtering steps leave a catalogue of 3843 unique XMMSL sources 5 .
4 http://nxsa.esac.esa.int/catalogues/xmmsl1D_clean. fits.gz 5 We note here that an earlier version of our sample selection algorithm accidentally excluded all XMMSL sources with multiple X-ray detections. This affects ∼10 percent of the XMMSL sources lying in the first 4010 deg 2 of eBOSS plates (i.e. the tiling 'chunks' named eboss1, 2, 3, 4, 5, 9 and 16). We corrected the target selection error before submitting SPIDERS targets for the remainder of the eBOSS sky. In the following sections, unless otherwise noted, all quoted statistics refer to the correctly filtered
The sky distribution of the XMMSL sample is shown in Fig. 1 . The rate of spurious X-ray detections in the 'Clean' version of the XMMSL catalogue is estimated to be 4 percent in the full energy band 6 . The median statistical positional uncertainty (1σ radius, excluding systematic errors) of the unique XMMSL sources is 4.0 arcsec, and 95 percent have statistical uncertainties smaller than 15.4 arcsec.
The XMMSL catalogue includes flux estimates for each source, calculated from the observed count rates using a simple linear energy conversion factor which assumes a Γ = 1.7 powerlaw spectrum absorbed by a fixed Galactic column density of 3 × 10 20 cm −2 . The ratio of unabsorbed to absorbed flux over the 0.2-12 keV band for this particular spectral model is 1.10 (calculated using WebPIMMS 7 ), and we have therefore multiplied the catalogue fluxes by this factor to correct for Galactic absorption. Given the large statistical uncertainties on the fluxes of the XMMSL sources, and the relatively weak sensitivity of the XMM-Newton bandpass to moderate levels of Galactic absorption, we have applied a global correction to the XMMSL catalogue fluxes rather than attempting to correct for the Galactic column density local to each source. The unabsorbed 0.2-12 keV flux distribution of the XMMSL sources is presented in Fig. 2 . The distribution is strongly peaked with a median of 3.0 × 10 −12 erg cm −2 s −1 , and with 89 percent of the sources lying within ±0.5 dex of this value.
We note that 1934/3843 (50 percent) of the XMMSL sources have at least one RASS detection within 60 arcsec, and so the two X-ray samples used in our work are far from independent. However, since the XMMSL and RASS samples have very different characteristics and were selected in very different ways (telescopes, energy ranges, detection routines etc.) it is most convenient to treat these two samples separately.
AllWISE candidate counterpart catalogue
The WISE mission (Wright et al. 2010) carried out an allsky survey in the 3.4, 4.6, 12 and 22 µm bands (we denote magnitudes measured in these bands as 17.6, 16.1, 11.5 and 7.9 mag (Vega) respectively. We note that, for every source detected above 5σ in at least one band, the AllWISE catalogue contains a measurement of brightness in all four WISE photometric bands, even where XMMSL catalogue. We indicate in the supplied catalogues (see Appendix E) which XMMSL sources were affected by this error. 6 http://www.cosmos.esa.int/web/xmm-newton/xmmsl1d-ug 7 http://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3pimms/ w3pimms.pl such measurements fall well below the nominal detection limits. At the faint limit of the AllWISE catalogue, the vast majority of sources have their highest SNR detection in the shortest wavelength WISE band.
We have restricted our search for AllWISE counterparts to within a 60 arcsec radius of the X-ray position of each member of the RASS sample described in section 2.1. No down-selection is carried out on this AllWISE sample apart from removing the few duplicate entries which fall inside the search radii around two or more adjacent RASS sources. This procedure results in a catalogue of 450 409 unique potential AllWISE counterparts (a mean of 13.9 potential counterparts per RASS source).
An identical procedure was carried out to build a list of potential AllWISE counterparts to the XMMSL sample described in section 2.2, resulting in a catalogue of 46 389 unique potential AllWISE counterparts (a mean of 13.4 potential counterparts per XMMSL source). Note that although the positions of XMMSL catalogue sources are typically much better determined than those of the RASS sources, a small fraction do have large (>30 arcsec) positional uncertainties. We have therefore used a relatively large search radius of 60 arcsec when compiling this initial list of potential AllWISE counterparts.
SDSS photometric counterpart catalogue
As part of the first three phases of the Sloan Digital Sky Survey (SDSS), a wide-area multi-band (ugriz) imaging survey was carried out using the 2.5-metre telescope at the Apache Point Observatory, New Mexico (Gunn et al. 2006; Aihara et al. 2011) . The most recent photometric catalogue derived from these imaging data was released as part of SDSS-DR13 (SDSS Collaboration et al. 2016) . The nominal 95 percent completeness limits of the SDSS imaging are 22.0, 22.2, 22.2, 21.3 and 20.5 mag in the ugriz bands, respectively 8 . Starting with the SDSS-DR13 catalogue (specifically we considered primary objects from the 'Datasweep' files 9 ), we downselected a sample of potential optical counterparts to X-ray sources by searching within 65 arcsec of the X-ray positions of all members of the RASS and XMMSL samples described in sections 2.1 and 2.2. The mean sky density of SDSS photometric objects lying near the X-ray sources in our sample is 3.8 × 10 4 deg −2 . Note that we adopt a slightly larger search radius here compared to that used to select potential All-WISE counterparts. This is in order to prevent the effects of astrometric uncertainties scattering potential SDSS counterparts to AllWISE sources outside our considered search area.
SDSS spectroscopic counterpart catalogue
Since its first light in 1998, and up to its 12th data release (DR12), the SDSS project has obtained over five million astronomical spectra, with various spectrographs and within a number of different survey programs .
For practical reasons we have used two versions of the spectroscopic catalogues associated with SDSS-DR12: i) an early prototype version of the DR12 spectroscopic catalogue, and ii) the full official DR12 spectroscopic catalogue. At the time when we created the SPIDERS target catalogues (March-April 2014), the final version of the BOSS spectroscopic catalogue was not yet completely finalised (and did not include the spectra collected as part of SEQUELS, a few BOSS main-survey plates, and several plates associated with ancillary programmes). However, the combination of a pre-release version of the BOSS spectroscopic catalogue, joined with the official SDSS-DR8 spectroscopic catalogue included more than 95% of the spectra that would go on to form the final official DR12 spectroscopic catalogue. To form a 'proto-DR12' catalogue, we first filtered the DR8 and pre-release BOSS catalogues to include only spectra with SPECPRIMARY=1 (i.e. for each object with multiple spectroscopic observations we only considered the best quality one, see Alam et al. 2015 for a description of how this choice is made), and have ZWARNING=0 (i.e. we discarded spectra for which the BOSS analysis pipeline identified potential issues, including those spectra for which the fitting routine could not determine a reliable redshift). The combination of the filtered DR8 and pre-release BOSS catalogues (containing 1 674 844 and 1 857 100 sources respectively) were considered when we decided which potential SPIDERS targets already had good-quality SDSS spectra available (and hence should be excluded from the list of potential targets in SDSS-IV). Use of this incomplete reference catalogue for target selection is acceptable, as its only impact is a slight decrease in observing efficiency, due to a small fraction (estimated to be less than 1 percent) of SPIDERS AGN targets with existing BOSS spectra being re-observed during the eBOSS/TDSS/SPIDERS project.
However, as part of this paper we also release samples of RASS and XMMSL sources with existing SDSS spectra. Therefore, for the sake of clarity and repeatability, and to allow reference to fully documented data products, we prefer in these cases to base our samples on the officially released SDSS-DR12 spectroscopic sample, which contains all spectra collected by the SDSS and BOSS optical spectrographs (Smee et al. 2013) in the MJD range [51578:56837] 10 . In cases where multiple SDSS-DR12 spectra are available for a photometric object, we consider only the 'best' spectrum (i.e. the one flagged with SPECPRIMARY=1). Since we visually inspect all spectra matched to our X-ray source samples (see section 3.5), we have not filtered the DR12 spectra on the basis of pipeline redshift warning flags.
3XMM-Bright reference catalogue
Within the Bayesian cross-matching framework (described in section 3), the complex task of identifying reliable counterparts of RASS (and, to a lesser extent, XMMSL) sources benefits dramatically from the availability of a sub-sample of well-characterized X-ray sources at similar flux levels, with good enough positional accuracy to make the cross-matching exercise non-problematic. To this end, we have exploited the 10 http://data.sdss3.org/sas/dr12/sdss/spectro/redux/ specObj-dr12.fits 3XMM serendipitous source catalogue (DR4) 11 , which is derived from over 7427 XMM-Newton pointings performed up to December 2012, covers a total of 794 deg 2 , and contains 372 728 unique detections (for a description of the 3XMM program, and a more recent revision of the catalogue, see Rosen et al. 2016) . The median flux of 3XMM sources in the soft (0.2-2 keV) energy band is ∼ 6 × 10 −15 erg cm −2 s −1 , around two orders of magnitude fainter than the flux limit of the RASS. However, the 3XMM catalogue does include a significant tail of bright sources, which overlaps with the flux ranges spanned by the RASS and XMMSL samples. Therefore, we have exploited the X-ray bright end of the 3XMM catalogue to provide a reference catalogue of well understood X-ray bright sources over the BOSS imaging footprint. This (near) 'truth' sample is used to derive the priors that inform the Bayesian cross-matching process (section 3).
From the 3XMM parent sample we select sources which meet all of the following criteria: i) lie inside the BOSS imaging footprint, ii) have X-ray fluxes 10 −13 erg cm −2 s −1 in the 0.2-2 keV energy band (where F 0.2−2keV is calculated as the unweighted sum over the individual flux measurements in the standard 3XMM energy bands: 0.2-0.5, 0.5-1 and 1-2 keV), iii) have a very high detection likelihood (SC_DET_ML>50), iv) have low likelihood of being extended in the X-ray (SC_EXT_ML<8), v) have no warning flags set (SC_SUM_FLAG=0), vi) are not associated with observations of Solar System objects, and vii) are not in XMM-Newton observations associated with poor astrometry (this final cut was applied retrospectively) 12 .
These cuts result in a high quality reference sample of 1049 bright, well measured, point-like X-ray sources (which we will hereafter call the 3XMM-Bright sample). The mean and 95th percentile of the 1σ error radii for the 3XMM-Bright sources are 0.6 arcsec and 1.4 arcsec respectively, making unambiguous cross-correlation with multiwavelength catalogues relatively simple (see section 3.2 below). Fig. 2 demonstrates that the 3XMM-Bright sources have a similar range of X-ray fluxes to sources in the RASS sample, but are approximately ten times fainter than sources in the XMMSL sample 13 .
11 http://nxsa.esac.esa.int/catalogues/3XMM_DR4cat_slim_ v1.0.fits.gz 12 Our first version of the 3XMM-Bright catalogue included an additional eight sources, all of which had no AllWISE counterparts within 3 arcsec. These eight sources were located close to each other within the 'XMM-XXL North' field and were detected within two consecutive XMM-Newton mosaic-mode observations (targets 'XXLn074' and 'XXLn094'). We have visually inspected independently processed images derived from these XMM-Newton data-sets, and find no bright X-ray sources at the catalogued positions of the eight 3XMM sources (N. Clerc, private communication). Furthermore, the 3XMM POSCOROK flag was set to FALSE for 7/8 of these detections, indicating that the pipeline had been unable to correct the X-ray astrometry against external optical/IR catalogues. Therefore we removed these objects from the 3XMM-Bright sample. 13 See Appendix A2 for details of the method used to estimate the unabsorbed fluxes of the 3XMM-Bright sample in the RASS and XMMSL energy bands (0.1-2.4 and 0.2-12 keV, respectively). 
SELECTING COUNTERPARTS TO X-RAY SOURCES
We summarise in this section the Bayesian cross-matching method used to associate RASS and XMMSL sources with optical/IR counterparts. This method expands upon the techniques introduced by Budavári & Szalay (2008) ; Rots & Budavári (2011) . We refer the reader to (Salvato et al., in prep.) for a full and generalised description of the Bayesian cross-matching method, a description of 'Nway', the Python implementation of the algorithm that we have used within this work, and a comparison to the likelihood ratio technique (Sutherland & Saunders 1992) . Given that the RASS and XMMSL surveys are far from the confusion limit, we make the simplifying assumption that each X-ray detection is dominated by a single X-ray source having up to one counterpart at longer wavelengths. We briefly reiterate below (section 3.1) those formulae that are pertinent to the case considered here, that is, where we just wish to find the best counterpart to each of a sample of X-ray sources from a catalogue of potential counterparts.
Bayesian posterior probability of associations
The posterior probability for a cross-match between an Xray source, i, and a potential counterpart j, is given by,
( 1) where Π(x j ) is a prior (or 'bias') term dependent on the location of counterpart j in some parameter space x (see below), B i j is the Bayes factor for the geometric association, given by,
where ψ i j is the angular separation (in radians), and σ i , σ j are the respective positional uncertainties for sources i and j. P is a normalising factor which takes account of the mean sky density of potential counterparts (ρ s , units deg −2 ), and the expected fraction of X-ray sources that have a true counterpart, η x ,
The value of the prior, Π(x), at some location in Ndimensional measurement space, x, is given by the ratio f xray (x)/ f all (x), where f xray (x) is the probability density function of true counterparts to X-ray sources, (normalised such that f xray (x)dx = 1 over the parameter range of interest), and f all (x) is the probability density function of all potential counterparts, similarly normalised. In general, Π(x) can be used to encode some or all of our prior knowledge of the distribution of the measurable properties of true counterparts to X-ray sources (e.g. magnitudes, colours). Setting Π ≡ 1 reduces Eqn. 1 to the standard unweighted form (e.g. Rots & Budavári 2011) .
In practice we won't know Π(x) exactly (as to do so would require that we had already measured the multiwavelength properties of the X-ray sample), but we can estimate it, Π (x) ∼ Π(x), using a training sample of well measured X-ray sources which we expect to be representative of objects in our main X-ray sample. In section 3.2 we describe how we have computed the Π (x) used to select counterparts to RASS and XMMSL sources.
We note that the P post statistic measures the probability of association of individual pairs of sources independently of the presence of other possible pairings. So, for example, although P post cannot tell us the probability that at least one of the possible counterparts to an X-ray source is the correct one, it can be used to choose the most probably of these counterparts. A more complete treatment of such cases is implemented within the soon to be released version of the Nway code (Salvato et al., in prep.) . See also the treatment of multiple potential counterparts by Pineau et al. (2011) .
Bayesian priors derived from a bright X-ray reference sample
We investigated the properties of the 3XMM-Bright sample searching for simple combinations of parameters in which the X-ray sources stand out clearly from the general field population. This is complicated by the heterogeneous nature of the bright X-ray source population. For example, Zickgraf et al. (2003) found that the optically bright end of the RASS-BSC catalogue is associated with a mix of AGN, galaxies, galaxy clusters, M stars, white dwarfs, K stars, F-G stars, and cataclysmic variables. High luminosity AGN (i.e. QSOs) typically outshine their host galaxies in the optical-mid-IR bands, but for lower luminosity AGN (Seyferts), the host-galaxy emission may match or exceed the AGN emission. In addition, extinction along the line of sight could also mask any AGN signature in the UV/optical bands, and even into the near-IR bands as the extinction increases. However, mid-IR colours of bright AGN are less susceptible to these effects, and promise to provide a more universal tool for AGN identification.
The release of the AllWISE catalogue in November 2013 ) spurred us to examine whether mid-IR imaging information could assist in optical counterpart selection for the RASS and XMMSL sources. The vast majority of the X-ray bright AGN detected in RASS and XMMSL are expected to be bright and red in the two shortest wavelength WISE channels (i.e. 3.4 and 4.6 µm). Therefore, RASSselected AGN should stand out from field stars and galaxies in the mid-IR. In addition, counterparts to the non-AGN 'contaminants' in the X-ray sample (i.e. Galactic stars, and bright nearby galaxies) are also expected to stand out (they are likely to be significantly brighter in the [W 1] and [W 2] bands than the bulk of the AllWISE field population). Furthermore, the sky density of field sources in the AllWISE catalogue is less than half that in the SDSS imaging catalogue (see Table 1 ), which dramatically reduces the rate of false identification w.r.t. a purely optical-based counterpart selection scheme. The useful dynamic range of the AllWISE catalogue is somewhat larger than that of the SDSS catalogue (as expected, given that WISE was designed as a trueall sky surveyor, whereas the SDSS imager was primarily designed to target faint galaxies and QSOs). In particular, the treatment for X-ray sources associated with very bright stars is simpler with AllWISE; point sources start to saturate at [W 2]< 6.7 mag in WISE , but saturate at r < 14.1 mag in SDSS imaging (Gunn et al. 1998) .
We start with the 3XMM-Bright catalogue described in Section 2.6, and search for counterparts in the AllWISE catalogue, using a simple cone search. We find that 1000/1049 (95.2%) of the 3XMM-Bright sources had exactly one All-WISE counterpart within 3 arcsec of the X-ray position. We denote these 1000 matches as the '3XMM-Bright+AllWISE' sample. The mean sky density of AllWISE field sources local to the 3XMM-Bright+AllWISE sources is 15 300 objects deg −2 (estimated by measuring the density of AllWISE sources within 1 arcmin radius control regions placed at a distance 6 arcmin from each X-ray source). Therefore we would naïvely expect 0.033 field sources to fall within the 3 arcsec radius circle we searched within for each 3XMM-Bright source. However, the typical AllWISE counterparts to the 3XMM-Bright sources are much brighter than typical field sources (the median [W 2] magnitude of the 3XMM-Bright+AllWISE matches is 13.2 mag compared to 16.6 mag for the AllWISE field population), and so an average All-WISE field source would be overwhelmed by the average AllWISE counterpart to a 3XMM-Bright source (see also section 5 of Broos et al. 2011) . We have empirically estimated the rate at which random associations are both close enough and bright enough to contaminate the 3XMM-Bright+AllWISE sample: for each 3XMM-Bright+AllWISE source we measured the probability of a field AllWISE source brighter (in [W 2]) than the true AllWISE counterpart to lie within any randomly placed 3 arcsec circle. We tested 100 randomized locations per 3XMM-Bright+AllWISE source for a total of 10 5 samples, and find an almost negligible overall contamination rate of just 0.12 percent. We note that using a matching radius larger than 3 arcsec would result in a higher completeness (fraction of X-ray sources with All-WISE counterparts), but would lead to more contamination from chance aligned field sources, and would also increase the number of cases where there is more than one potential AllWISE counterpart per 3XMM-Bright source (making unambiguous associations difficult). In Appendix B we discuss in more detail the nature of the 49/1049 3XMM-Bright sources which do not have AllWISE counterparts within 3 arcsec, and conclude that only 3/49 are likely to be associated with genuinely mid-IR faint sources, the remaining cases are the result of various problems with either XMMNewton or AllWISE photometry, e.g. blending/confusion, presence of saturated bright stars, and poor astrometry at the edge of the XMM-Newton field of view. Therefore, we are confident that our reference sample is not artificially excluding a significant part of the bright X-ray population.
We have used the following recipe to compute a pixelized map of the prior,
colour-magnitude space, using as input the training sample (3XMM-Bright+AllWISE sources) and a 'field' sample (consisting of AllWISE objects lying within 1 arcmin radius control regions placed at a distance of 6 arcmin from each of the sources in the 3XMM-Bright+AllWISE sample): i) compute 2D histograms from each of the training and field samples, ) equals unity, iv) threshold each 2D histogram such that no pixel has a value smaller than one over the total number of objects in the field sample. The chosen smoothing kernel is a fair compromise between the desire to reduce the shot noise of the training sample (pushing to larger kernels), versus the desire to retain the separation between the distributions of the Xray reference sample and of field sources (pushing to smaller kernels). The parameter interval over which we have defined the prior contains more than 1 − 10 −6 of the smoothed PDF for the 3XMM-Bright+AllWISE sample. The distribution of the 3XMM-Bright+AllWISE sample in AllWISE colourmagnitude space is presented in the upper panel of Fig. 3 , illustrating clearly how these bright X-ray selected sources stand out from the field population in this measurement space. The ratio of the density distribution of our training (the 3XMM-Bright+AllWISE sources) and field samples constitutes our Bayesian prior
, which is also shown in the bottom panel of Fig. 3 , illustrating which parts of colour-magnitude space are up-and down-weighted by the cross-matching routine.
In order to get a sense of the mix of sources that make up the 3XMM-Bright+AllWISE sample, we have crossmatched to the SDSS DR12 spectroscopic catalogue, searching within a 2 arcsec radius from the AllWISE position. Of the 557 3XMM-Bright+AllWISE sources with SDSS spectra and reliable BOSS pipeline automated classifications, 490 are classified as QSO, 56 as GALAXY (13 of which have a subclass indicating AGN activity) and 11 as STAR. The selection function for the sub-sample of 3XMM-Bright+AllWISE sources with spectra is difficult to determine, but is certainly highly incomplete at the bright and faint ends. Therefore, we should not make quantitative predictions from these fractions. However, we can at least say with some confidence that for the range of X-ray fluxes probed by the RASS and XMMSL samples, the spectroscopic samples collected by SPIDERS will be dominated by QSOs, but with significant minorities of both normal galaxies and Galactic stars. Note that of the 3XMM-Bright+AllWISE sources with no spectral classification in SDSS DR12, many lie in the part of colour-magnitude space expected to be occupied by Galactic stars and very bright nearby galaxies ([W 2]< 11, [W 1-W 2]< 0.3, see upper panel of Fig. 3 ).
Selection of SPIDERS_RASS_AGN targets
Armed with the priors described in the previous section, we can now proceed to the identification of the RASS sources. We start with the AllWISE catalogue described in section 2.3. All except 11/32 391 (0.03 percent) of the RASS sources in our sample have at least one potential AllWISE counterpart lying within 1 arcmin. For each RASS source, we used Nway (version 1.0) to calculate the posterior probability of it being associated with each of the possible All-WISE counterparts within 1 arcmin, taking account of the X-ray position and its uncertainty, the AllWISE position, the number density of the sources, the [W 2] magnitude and the [W 1-W 2] colour. At the time of generation of the SPI-DERS_RASS_AGN target catalogue we made a decision to adopt a fixed radial positional uncertainty of 0.3 arcsec (1σ ) for all AllWISE sources. In retrospect this was an unnecessary and sub-optimal choice, and it would have been much more correct to use the positional uncertainties tabulated in the All-WISE catalogue. However, we do not expect that this has had a significant effect on our target selection given that the X-ray positional uncertainties are almost always much larger than those of AllWISE sources, and so dominate the denominators of Eqn. 2.
In an ideal world we would obtain spectra for all potential counterparts for each X-ray source above some minimum P post . However, the combination of the BOSS spectrograph plug-plate fiber-collision constraint (minimum fibre separation >62 arcsec), the single-pass survey strategy over the main eBOSS/TDSS/SPIDERS footprint (Dawson et al. 2016) , and the limited fibre-budget allocated to the SPIDERS-AGN program, mean that we only attempt to target a single potential counterpart per RASS source. Therefore, for each RASS source, only the 'best' AllWISE counterpart (i.e. the one having the highest posterior probability) was considered in the following steps.
We find that for 30 855/32 391 (95.3 percent) of RASS sources we have a best matching AllWISE counterpart with posterior probability P post 0.01 (see section 4.2 for a discussion of the P post threshold below which the sample becomes 
significantly contaminated by interlopers). RASS sources with best AllWISE counterparts having P post <0.01 were not considered further. The best matching AllWISE counterparts have a median P post of 0.86 compared to 0.025 for the second best counterparts. In 82 percent of cases, the P post for the best match is more than twice that for the second best match indicating a very secure choice. In a small fraction of cases (4 percent), the second best match has a P post within 10 percent of the best match, and for such cases we cannot differentiate significantly between the best and second best AllWISE counterparts. See section 4.3 for a discussion of how the fraction of RASS sources lacking any P post 0.01 All-WISE counterparts depends on X-ray detection likelihood. The distribution of position differences between the RASS sources and their best matching AllWISE counterparts is shown in Fig. 4 . The magnitude distributions of the best matching AllWISE counterparts are shown in Fig. 5 .
The best AllWISE counterpart for each RASS source was then matched to an optical counterpart from the SDSS-DR13 photometric catalogue. The brightest (as measured by modelMag r) object within 1.5 arcsec of the AllWISE position is chosen as the most probable optical association. At the time of generating the SPIDERS targeting catalogues (early 2014), this choice seemed appropriate. However, later analysis suggests that better choices could have been made. In section 4.4 we discuss how our simplistic approach to associating AllWISE sources with optical counterparts has impacted the target selection. We will make improvements to this step in future SPIDERS-AGN studies, taking into account the positional uncertainties and sky densities of the mid-IR and optical populations. We find that 28 515/30 855 (92.4 percent) of the RASS+AllWISE sources have at least one SDSS-DR13 photometric optical counterpart within 1.5 arcsec of the AllWISE position. The distribution of AllWISE-SDSS positional offsets is shown in Fig. 6 , and the magnitude distribution is shown in Fig. 7 .
We then further down-select the 28 515 remaining potential RASS+AllWISE+SDSS targets to get to our final list of SPIDERS objects to be forwarded to the eBOSS tiling team. Firstly, we removed previously spectroscopically identified sources by matching against a list of good-quality primary SDSS-proto-DR12 spectra (see section 2.5). There are 11 643 RASS+AllWISE+SDSS sources with at least one reliable SDSS-proto-DR12 spectrum (within 1 arcsec of the optical photometric catalogue position), and thus, which are not considered for targeting. The majority of these (77 percent) have a pipeline classification of CLASS=QSO. The properties of the spectroscopically identified sources are discussed in more detail in section 5.1.
We then remove RASS+AllWISE+SDSS objects brighter than the nominal magnitude limit of eBOSS (i.e. fiber2Mag i<17.0, where fiber2Mag i is a measure of the expected flux from the object that would be enclosed within a 2 arcsec diameter fiber under average seeing conditions). [W4]
WISE magnitude (Vega) Figure 5 . This bright source cut removes 7092 objects. To improve our robustness against imperfect modelling of very bright (and possibly saturated) objects, we also remove a small number (319) of objects which escape the fiber2Mag i cut but which have modelMag i<16.0. These bright limits are motivated by the desire to avoid the on-chip spectra of very bright stars overwhelming the spectra of their neighbours, which can be many magnitudes fainter. We also remove the 283 very faint targets (fiber2Mag i>22.5, for which we do not expect to be able to obtain useful spectra with a 2.5 m-class telescope), and the 150 targets which fall within the BOSS-DR10 bright star mask 14 . The final SPIDERS_RASS_AGN target list contains 9028 candidate targets over the full BOSS targeting footprint (area 10 778 deg 2 ), a density of 0.84 targets deg −2 .
The matching and filtering steps described above are summarised in a flow diagram, see Fig. 8 . The format of the catalogue of SPIDERS_RASS_AGN targets is described in Appendix E3. In Fig. 9 we show the sky distribution of SPI-14 http://data.sdss3.org/sas/dr10/boss/lss/reject_mask/ bright_star_mask_pix.ply DERS_RASS_AGN targets over the sky. Note that the SGC contains a higher density of targets than the NGC because only a small part of this footprint was targeted during SDSS-I/II, and so a smaller fraction of the RASS sources have existing identifications. In Figs. 10, 11 and 12 we show the distributions of the RASS sample in X-ray flux, r-band model magnitude and [W 2] magnitude at various stages during the cross-matching and down-selection steps described above.
Selection of SPIDERS_XMMSL_AGN targets
The process of selecting counterparts to the unique XMMSL sources in the BOSS footprint followed closely that carried out for RASS sources (see section 3.3). For each XMMSL source (all 3843 of which have at least one potential All-WISE counterpart lying within 1 arcmin), we used Nway to calculate the posterior probability of it being associated with each of the AllWISE counterparts lying within 1 arcmin. We adopted the same priors on the [W 2],[W 1-W 2] plane that were used for the RASS sample. In doing this we have ignored the significant differences between the X-ray flux distribution of the XMMSL sources and the fluxes of the 3XMM-Bright reference sample (see Fig. 2 ). Using a prior derived from a better matched training sample would have been preferable, but we chose not to do so because of the very small number of 3XMM-Bright+AllWISE sources above the bright X-ray fluxes probed by the XMMSL survey. We find that for 3411/3843 (88.8 percent) of XMMSL sources we have a best matching AllWISE counterpart with posterior probability P post 0.01. The 431 XMMSL sources without at least one AllWISE counterpart above this threshold were not considered further. The 3XMM-Bright+AllWISE reference sample suggests that at the flux limit of the XMMSL survey, virtually all persistent X-ray sources should be detected in the AllWISE survey. However, the fraction of XMMSL sources lacking AllWISE counterparts (11 percent) is nearly three times larger than the 4 percent of full-band X-ray detections in the 'Clean' XMMSL catalogue that are expected to be entirely spurious (see section 2.2). This disparity implies that there is either a residual incompleteness in our crossmatching routine, and/or that the XMMSL catalogue contains a small but significant fraction of transient X-ray sources, which may not have persistent mid-IR counterparts above the AllWISE detection limits. We note that if we use a set of control X-ray positions (placed 6 arcmin away from each true X-ray position), and rerun the cross-matching algorithm, the fraction of sources without any valid AllWISE counterpart increases to 24 percent of cases. The distribution of position differences between the XMMSL sources and their best matching AllWISE counterparts is shown in Fig. 4 . The magnitude distributions of the best matching AllWISE counterparts are shown in Fig. 5 . The 'best' AllWISE' counterpart was then matched to the SDSS-DR13 photometric catalogue, and 3142/3411 (92.1 percent) of the XMMSL+AllWISE sources have at least one optical counterpart within 1.5 arcsec of the All-WISE position (see Figs. 6 and 7) . We then further downselected from this list of 3142 optical counterparts to reach our final list of SPIDERS_XMMSL_AGN targets for observation within SDSS-IV. Matching against the SDSS-proto-DR12 spectral catalogue removes 1411 previously spectroscopically identified X-ray sources. The properties of the spectroscopically identified XMMSL sources are discussed in more detail in section 5.1. For the same reasons described in section 3.3 we have removed from consideration all optical counterparts brighter than the nominal magnitude limit of eBOSS (i.e. fiber2Mag i<17.0, 746 sources), very bright objects (modelMag i<16.0, 59 sources); very faint targets ( fiber2Mag i>22.5, 32 sources), and targets which fall within the BOSS bright star mask (21 targets). The final SPI-DERS_XMMSL_AGN target list contains 873 candidate targets over the full BOSS targeting footprint (0.081 targets deg −2 ).
The matching and filtering steps described above are summarised in a flow diagram, see Fig. 13 . The format of the catalogue of SPIDERS_XMMSL_AGN targets is described in Appendix E4. In Fig. 9 we show the sky distribution of SPI-DERS_XMMSL_AGN targets over the sky. In Figs. 10, 11 and 12 we show the distributions of the XMMSL sample in Xray flux, r-band magnitude and [W 2] magnitude at various stages during the cross-matching and down-selection steps described above. 3.5 X-ray sources with SDSS-DR12 spectra and visual inspections
As noted in sections 3.3 and 3.4, our selection of targets for SPIDERS used a prototype version of the SDSS-DR12 spectroscopic sample to remove from consideration any objects having existing spectroscopy. In order to form a clean sample, we have repeated the cross-matching process of X-ray+AllWISE+SDSS objects to the official SDSS-DR12 catalogue. Using a simple 1 arcsec radial search around the SDSS-DR13 photometric position, we find that SDSS-DR12 contains spectra for 11 913 RASS, and 1482 XMMSL sources. Fig. 14 shows the sky distribution of the X-ray sources with spectroscopic identifications in SDSS-DR12. Note the banded structure in the SGC region, which is imprinted by the narrow sky coverage of SDSS observations prior to the start of the BOSS project. Although the BOSS redshift fitting algorithm (Bolton et al. 2012 ) has been shown to be accurate and robust for the galaxies and QSOs that have been targeted in previous iterations of the SDSS project, the routine has not yet been validated for X-ray selected AGN which dominate the SPIDERS AGN samples. Therefore we have carried out a programme of visual inspections (VI) in order to check the accuracy of the pipeline redshifts and spectral classes for SPIDERS targets.
We first collated the existing visual inspection information from several prior works, namely the DR12Q quasar catalogue ; we consider all inspections from the super-set and supplementary catalogues having Z_PERSON_CONF=3), the DR7Q quasar catalogue , the visual inspections (of BLAGN, NLAGN and BL Lac counterparts to RASS sources) from A07, and the visually inspected Blazar/BL Lac catalogue of Plotkin et al. (2010) . Of the 11913 RASS sources with SDSS-DR12 spectra, secure visually inspected redshifts were already available for 8848 sources: 1875 from DR12Q, 161 from Plotkin et al. (2010) , 6196 from A07, and 4981 from DR7Q. Likewise, for the 1482 XMMSL sources with SDSS-DR12 spectra, VI information was already available for 1046 sources: 214 from DR12Q, 53 from Plotkin et al. (2010) , 546 from A07, and 596 from DR7Q. We have visually inspected all of the remaining spectra (3325 unique spectra, associated with 3065 RASS and 436 XMMSL sources). Following our experience with the BOSS/XMM-XXL sample (Menzel et al. 2016) , we divided the spectra into higher-and lower-risk categories. Higherrisk spectra were those which met any of the following criteria: a pipeline redshift outside the range 0.01 z 1.0, pipeline redshift uncertainty greater than 0.01, any redshift fitting warning flag (ZWARNING> 0), an r-band model magnitude fainter than 20.0, or median per-pixel SNR outside the interval [2:50]. Please see Bolton et al. (2012) for a definition of the ZWARNING flag. There were 569 spectra within the higher-risk category, which were examined on average by three visual inspectors. The remaining 2756 lower-risk spectra were each examined by at least one visual inspector.
Visual inspection tools and consolidation
Visual inspection was performed using the web-browserbased speccy 15 tool, developed (by us) to enable rapid inspection of large numbers of SPIDERS spectra. The speccy tool presents users with a plot of flux versus wavelength for a single observed SDSS spectrum, together with a number of functions to aid the determination of these parameters, including zooming/panning to regions of interest, and box-car smoothing of the observed spectrum. The user may overlay the observed spectrum with: the observer-frame wavelengths of common emission/absorption lines, a template spectrum (by default the best-fitting template found by the eBOSS pipeline is shown), a scaled version of the sky background spectrum, the statistical error spectrum, or the residual (data-model) spectrum. The user can adjust the displayed redshift of the template and emission/absorption lines. The user submits the following information per spectrum: (i) a 'visual' redshift measurement; (ii) a redshift confidence flag (3=highly secure, 2=uncertain, 1=poor/unusable, 0=insuf-ficient data), (iii) a classification (we used only six classes: QSO (including BLAGN), Broad Absorption Line (BAL) QSO, Galaxy (including NLAGN), Blazar, Star, None), and (iv) freehand comments for problematic/unusual spectra.
We collected more than 5000 visual inspections from a cadre of twelve inspectors (assembled from within the coauthor list of this paper), and we then consolidated cases where we had multiple inspections per spectrum. We defined a standard decision tree based on the relative agreement of the multiple inspectors in three categories: redshift, redshift confidence and classification. In nearly all cases inspections from multiple inspectors are consistent, and re-15 https://gitlab.rzg.mpg.de/tdwelly/speccy inspection/manual-reconciliation (carried out by A. Merloni) was deemed necessary in only a small fraction of cases, mostly due to discrepant redshift assignments. We give a single 'best' redshift and spectral classification, plus a merged confidence flag for each inspected spectrum. Where visual inspection information was available from multiple works, we have used the following order of precedence i) our own visual inspections, ii) DR12Q, iii) Plotkin et al. (2010) , iv) A07, and finally v) DR7Q.
In a small number of cases (93) the SDSS-DR12 pipeline redshift estimates disagree by more than 1 percent (
> 0.01) from those determined through visual inspection. These pipeline failures tend to be 'catastrophic', and in 70 percent of cases they over-estimate the true redshifts. As might be expected, a large fraction (45/93, 48 percent) of the pipeline redshift failures are related to sources visually classified as Blazar/BL Lac, i.e. having a strong and relatively featureless continuum. Despite having higher than average SNR spectra, the visual inspection process determined high confidence redshifts only for 13/45 (29 percent) of the Blazar/BL Lacs. Another important failure mode, accounting for ∼18 percent of redshift failures, occurs when the pipeline misidentifies the Mg II emission line as Ly α. For most of the redshift failures (57/93, 61 percent) the pipeline ZWARNING flag is set to a non-zero value, indicating that the algorithm itself has identified a problem with the spectrum and/or the redshift fitting process.
ASSESSING THE FIDELITY OF OUR TARGET SELECTION METHOD
We have undertaken a number of independent tests designed to assess the fidelity of the steps which we have used to select SPIDERS-AGN targets for observation in SDSS-IV. These tests include i) checking the X-ray→AllWISE association step for a sub-sample of RASS and XMMSL sources which appear in the XMM-Newton, Chandra and Swift-XRT serendipitous catalogues, ii) using blank field populations to estimate the rate of spurious X-ray→AllWISE associations over the whole RASS and XMMSL samples, iii) evaluating the fraction of spurious X-ray detections in the RASS sample, and iv) quantifying the success rate of the association of AllWISE with SDSS-DR13 photometric sources.
Verification of our X-ray-AllWISE association method using a bright X-ray reference sample
In order to estimate the reliability of our X-ray-mid-IRoptical cross-matching technique we require an independent catalogue of bright X-ray sources that have well determined positions, and that have similar X-ray fluxes to the RASS and XMMSL samples. We have formed a reference sample by selecting a set of well measured bright X-ray sources from the 3XMM catalogue , the Chandra Source Catalogue (CSC; Evans et al. 2010 ) and the Swift Xray Telescope Point Source catalogue (1SXPS; Evans et al. 2014 ). In the following we describe how we built this reference catalogue, (selected with a particular emphasis on astrometric accuracy, which in practice requires high signal to noise detections), and how we have used it to measure the reliability of the cross-matching process.
CSC sources: Starting from the full CSC (v1.1) catalogue 16 we selected the sub-sample of 1818 sources that are bright (0.2-2 keV flux > 5 × 10 −14 erg cm −2 s −1 ), high-quality (detection significance > 5; error ellipse major axis < 3 arcsec), point-like, unconfused, unsaturated, and that lie within the BOSS imaging footprint. 3XMM sources: We re-used the catalogue of 1049 bright high quality point-like 3XMM-DR4 sources previously described in section 2.6. 1SXPS sources: Starting from the full 1SXPS catalogue 17 we selected the sub-sample of 2142 non-GRB sources that are bright (0.3-2 keV flux > 5 × 10 −14 erg cm −2 s −1 ), highquality (>40 net counts; 90 percent error radius < 5 arcsec; detection flags < 8), and that lie within the BOSS imaging footprint.
The bright sub-samples of the CSC, 3XMM and 1SXPS reference samples were merged to form a single catalogue of bright astrometric reference sources. Where multiple detections of single X-ray sources were found in more than one catalogue (within a matching radius of 10 arcsec) we adopted a simple hierarchical approach, prioritizing Chandra detections over XMM-Newton detections, and XMM-Newton over Swift (even if in some cases this leads to a small loss of positional information). We have manually tidied the catalogue to deal with a handful of degenerate cases (two lensed QSOs, a non-nuclear source in NGC 4051, and a case where two detections of a source made in overlapping observations have not been correctly associated with each other). The merged (and tidied) reference catalogue contains 4752 unique X-ray sources (1813 with best detection in CSC, 962 from 3XMM, and 1977 from 1SXPS), and is presented in Appendix E6.
We matched the X-ray sources to the nearest counterpart in the AllWISE catalogue , limiting our search to within a 5 arcsec radius of the X-ray position for CSC and 3XMM sources, and within 10 arcsec for 1SXPS sources. We found 4524/4752 of the merged X-ray reference sample had a matching AllWISE counterpart. In only 2.7 percent of these cases was there more than one potential AllWISE counterpart within the search radius (mostly 1SXPS sources). The median position difference between Xray and nearest AllWISE positions is 0.9 arcsec, and 90 percent are separated by less than 3 arcsec. For the X-ray sources having detections in more than one of the CSC, 3XMM and 1SXPS reference samples, we have verified that these simple criteria consistently select the same 'best' All-WISE counterpart for each independent X-ray detection. We therefore make the assumption, given the high quality of the X-ray positional information for this reference sample, that these X-ray→AllWISE associations are secure.
Finally we have matched the merged X-ray reference catalogue to the RASS and XMMSL samples described in sections 3.3 and 3.4 respectively. Using a search radius of 60 arcsec (and using X-ray positional information only), we find 1381 and 421 counterparts to the reference catalogue in the RASS and XMMSL samples respectively. We calculate the fraction of cases in which, starting with the RASS or XMMSL positional information, we have chosen exactly the same AllWISE counterpart that was chosen for the X-ray reference source. The success rates for RASS and XMMSL sources are comparable, with 1314/1381 = 95.1 ± 0.6 percent of RASS sources successfully matched and 404/421 = 96.0 ± 1.0 percent of XMMSL sources (naïve 1σ binomial confidence interval). When only considering RASS sources matched to astrometric reference sources from the CSC, the success rate is slightly lower (92.5 ± 1.7 percent), which is possibly due to the lower median X-ray flux of the CSC sources. There is a slight trend of decreasing success rate toward fainter X-ray fluxes, see Fig. 15 . Except for the very faintest X-ray flux bin (containing only three RASS sources), the success rate is always > 90 percent. As might be expected, there is a stronger trend of decreasing success rate toward fainter [W 2] magnitudes. The success rate in the 14<[W 2]<16 mag range is ∼85 percent for both RASS and XMMSL sources. Approximately 10 percent of the X-ray samples have counterparts in this magnitude range.
Assessment of the rate of incorrect X-ray-IR associations using blank field samples
The Bayesian cross-matching algorithm implemented in Nway reports the posterior probability (P post ) of any two objects being associated, and hence for each X-ray source gives a ranked list of potential counterparts. However, the Bayesian matching algorithm does not tell us about the rate of false positives, so we carry out an empirical check to determine the rate of spurious interlopers as a function of posterior probability (P post ). We have retrieved a 'control' catalogue of AllWISE sources within 1 arcmin radius of the positions of the RASS sources after the X-ray positions have been offset by +0.1 deg in Declination (using locations near the real RASS positions is preferred over randomly distributed positions in order to ensure that the offset catalogue samples approximately the same distribution of Galactic latitudes and AllWISE exposure depth as the RASS sources). For each offset position we follow the method described in section 3.1 to select the AllWISE source having the largest posterior probability of being associated with the offset RASS position. The distribution of P post for the RASS and offset samples are shown in Fig. 16 (upper panel) . We count up the cases where the P post for the best association at the offset position is greater than the P post for the best association at the actual RASS position. The lower panel of Fig. 16 shows the rate of such cases, and allows us to make an estimate of the fraction of the RASS+AllWISE associations that are spurious 18 . For the purposes of choosing SPIDERS targets for spectroscopic follow up in SDSS-IV we have made a cut on the posterior probability at the nominally rather low level of P post 0.01. However, the cumulative curve in the lower panel of Fig. 16 demonstrates that adopting even this low probability threshold, the total fraction of spurious associations within the RASS+AllWISE sample is at a reasonably low level (12.4 percent of the total, equivalent to ∼3800 spurious associations within the RASS+AllWISE sample). We repeated this exercise for the subset of RASS sources with higher X-ray detection likelihood (DET LIKE 10), i.e. a sub-sample that should be only slightly contaminated with spurious X-ray detections. For this sub-sample, there is a smaller fraction of associations having low P post , and hence a lower overall rate of spurious associations (7 percent for P post 0.01). This suggests that at least part of the lowest probability RASS+AllWISE associations are due to spurious X-ray detections, as we discuss in more detail below. If a very pure sample is a priority, then filtering the RASS+AllWISE sample on the basis of a minimum value of P post is possible. For example, in order to achieve a spurious association fraction <3 percent, then one should apply a cut of P post 0.123 to the full RASS+AllWISE sample (P post 0.071 for the subset of RASS sources with DET LIKE 10).
An evaluation of spurious X-ray detections within the RASS sample
Another source of uncertainty in our targeting procedure is the incidence of spurious detections in the RASS catalogue. As mentioned above, the RASS-FSC contains sources detected down to a relatively low confidence level (detection likelihood, DET_LIKE>6.5). Boller et al. (2016) carried out simulations of the detection procedure used to produce 18 We did not exclude the 0.4 percent of control positions which happen to lie close to neighbouring RASS sources, and so slightly overestimate the spurious fraction. The expected rate of interlopers in the RASS+AllWISE sample above a given minimum threshold in P post . f interlopers ( P post ) is the cumulative fraction of RASS sources for which the most probable X-ray→AllWISE association at the offset position has a higher P post than the most probable association at the actual RASS position, and represents an estimate of the fraction of spurious associations in the sample. In each panel, the dotted curves show the equivalent distributions for just the subset of RASS sources having high-confidence X-ray detections (DET LIKE 10). Note the change in x-axis scale at P post =0.1. the 2RXS catalogue. They found that the fraction of spurious detections, averaged over the whole sky and above a detection likelihood (named EXI_LIKE in the 2RXS catalogue) threshold of 6.5, could be as high as ∼30 percent. The spurious fraction is strongly dependent on the detection likelihood threshold adopted, and drops to ∼2 percent at DET_LIKE>10. Unfortunately, equivalent simulations are not available for 1RXS, so we are unable to make a direct estimate of the spurious fraction in the 1RXS catalogue. However, since both 1RXS and 2RXS are based on almost the same X-ray data-sets, and share many of the same source detection procedures, we assume that the spurious fraction in our 1RXS sample is comparable to that in the 2RXS catalogue.
We investigate the rate of contamination by spurious sources further by examining the properties of the RASS sample as a function of DET_LIKE. Fig. 17 shows the distribution in X-ray detection likelihood for the RASS sample, and the sub-samples with AllWISE and SDSS-DR13 photometric counterparts. Clearly, the vast majority of RASS sources not matched to any AllWISE counterpart have low detection likelihoods, and we should expect about half of X-ray→AllWISE association probability (P post ) Figure 18 . Cumulative distribution of the posterior association probability P post for X-ray→AllWISE matches. We show the distributions for the full RASS+AllWISE sample (red solid curve), as well as for the high (orange dot-dashed curve) and low (magenta short-dashed curve) detection likelihood subsets (split at a detection likelihood of DET_LIKE=10). For comparison, we also show the distribution for the full XMMSL+AllWISE sample (blue long-dashed curve).
RASS (All) RASS (DET_LIKE<10) RASS (DET_LIKE≥10) XMMSL (All)
them to be spurious detections in the RASS catalogue. The fraction of RASS+AllWISE sources lacking optical photometric counterparts appears to be relatively independent of the X-ray detection likelihood.
We can also verify the reliability of the source identifications, by looking at the posterior probability P post distribution of those RASS sources which are matched to All-WISE counterparts. Fig. 18 shows the cumulative (normalized) posterior probability distribution for RASS+AllWISE sources, and the breakup of the same distribution as a function of X-ray detection likelihood. Clearly, the population of sources with lower X-ray detection likelihoods have a much lower average posterior probability of being associated to their WISE counterparts. It can also be seen that that for high detection likelihood RASS sources (DET_LIKE 10) the cumulative distribution of P post is very similar to that for XMMSL sources, which are expected to have only a ∼ 4 percent contamination by spurious X-ray detections , see also the online documentation 19 ).
An evaluation of the method used to associate
AllWISE sources with optical counterparts
The Nway tool (Salvato et al., in prep.) can compute association probabilities for sets of targets located in two or more catalogues (e.g. X-ray, IR and optical), with any number of priors defined for each possible combination of wave-bands (also see the recent work by Pineau et al. 2017) . However, in order to avoid imprinting complex biases into our target selection for SPIDERS-AGN, we decided to instead use the rather simple method of choosing the brightest r-band counterpart in the SDSS-DR13 photometric database lying within 1.5 arcsec of the AllWISE position. For a non-negligible fraction (∼8 percent) of the X-ray+AllWISE sources, no optical counterpart is found within this small search radius. Fig. 17 demonstrates that the fraction of X-ray+AllWISE sources lacking optical counterparts does not strongly depend on X-ray detection likelihood (which roughly scales with X-ray brightness).
In Fig. 19 we show the [W 1] magnitude distribution of X-ray-AllWISE sources lacking optical counterparts. We use the [W 1] band here because at the faint end of the distribution ([W 1]>15 mag), more than 90 percent of objects have their highest SNR detection in this band. Some of the cases at the bright end of the [W 1] distribution can be attributed to very bright stars, for which the imaging was heavily saturated, leading to catalogue incompleteness and/or degraded IR/optical positions. Indeed, 453 of the RASS and 67 of the XMMSL sources that lack optical counterparts lie within the BOSS-DR10 bright star rejection mask. For 64 RASS and 12 XMMSL sources, the AllWISE positions fall within the optical extent of bright galaxies (de Vaucouleurs et al. 1992) . In these cases we might reasonably expect the AllWISE and SDSS positions to differ. A few additional cases (32 RASS and 6 XMMSL sources) fall within SDSS fields having bad photometry 20 . For 17 percent of the RASS sources lacking optical counterparts (23 percent for XMMSL), the AllWISE cc_flags column is non-zero in either the [W 1] or [W 2] bands (indicating potential contaminated or spurious detections; Cutri 2013), much higher than the rate of flagged detections (∼6 percent) in the X-ray+AllWISE samples for which we do find SDSS counterparts.
After filtering out all these cases we are still left with 1689 RASS and 173 XMMSL sources lacking optical counterparts. The most obvious remaining explanation is that our adopted search radius was too small. Indeed, if we expand the search radius to 5 arcsec around the AllWISE position then we find counterparts to a further 833 RASS and 81 XMMSL sources. This leaves 856 RASS and 92 XMMSL sources (∼3 percent of the X-ray+AllWISE parent samples) where we cannot immediately explain the lack of an optical counterpart. Apart from a few very bright objects (likely to be high proper motion stars or stars which saturate the SDSS imaging), nearly all of the unexplained cases lie at the faint end of the AllWISE magnitude distribution (see Fig. 19 ). It is possible that some fraction of these faint objects could have such red optical-IR colours that they are undetected in the SDSS imaging. We will carry out a more thorough analysis of such objects in a future SPIDERS-AGN data release, including an inspection of deeper imaging.
RESULTS
The main goal of this work is to provide a complete account of the process by which we chose candidate X-ray AGN targets for observation in the shallower tiers of the SDSS-IV/SPIDERS spectroscopic survey. This serves the dual purpose of enabling further scientific investigation by documenting exactly the selection process, as well as providing large and homogeneous catalogues of bright X-ray sources with reliable multi-wavelength identification (in a well defined statistical sense) and spectroscopic information. In this section, we outline the salient features of these catalogues, and we provide a outlook of possible applications of the SPIDERS-AGN samples.
We describe the catalogue format for spectroscopically identified RASS and XMMSL sources in Appendices E1 and E2.
Properties of X-ray sources with existing spectra in SDSS-DR12
Of the X-ray sources with SDSS-DR12 spectra, there are 11788/11913 RASS and 1469/1482 XMMSL sources having counterparts with visual inspection confidence levels of 3 or equivalent (i.e. secure redshifts), and pipeline redshifts that agree well with the VI redshifts (i.e. |z pipe − z VI | < 0.01[1 + z VI ]), or that are identified as Blazar/BL Lac by visual inspection, and have a visual inspection confidence level of 2 or greater.
X-ray luminosity distribution
For each of the RASS and XMMSL sources with secure redshifts we calculate the rest-frame X-ray luminosities as follows. We use a K-correction term that is appropriate for the same simple power-law spectral models that were assumed when converting from observed count rate to flux. Specifically, we compute,
where L [E min :E max ] is the luminosity in the rest-frame
is the luminosity distance based on the visually inspected spectroscopic redshift (see section 3.5), and F [E min :E max ] is the Galactic absorption corrected flux in the observed [E min : E max ] energy band. The K-correction term, including bandpass conversion, is given by
where Γ is the assumed spectral index (Γ = 2.4 for RASS sources, and Γ = 1.7 for XMMSL sources). For RASS sources we calculate the 0.5-2 keV luminosity from the Galactic absorption corrected 0.1-2.4 keV flux, assuming Γ = 2.4. Similarly, for the XMMSL sources we assume Γ = 1.7 to calculate the 0.5-10 keV luminosity from the Galactic absorption corrected 0.2-12 keV flux. The distribution of the spectroscopically identified RASS and XMMSL sources in the redshift-X-ray luminosity plane is shown in Fig. 20 . The median X-ray luminosities of the spectroscopically identified RASS and XMMSL samples are 10 43.9 and 10 44.7 erg s −1 respectively. Both samples contain significant numbers of sources (1177 for RASS and 473 for XMMSL) at extremely high X-ray luminosities (> 10 45 erg s −1 ).
In Figs. 21 and 22 , we illustrate the partition of the X-ray samples by spectral class as a function of X-ray luminosity and redshift respectively.
Spectral classifications
In Table 2 we give a breakdown of the BOSS pipeline spectral classifications (or visual inspection classification for Blazar/BL Lac) for the counterparts to the X-ray sources with confident spectral classifications. As expected, the vast majority (79 percent for RASS, and 84 percent for XMMSL) of these objects have optical spectra classified as QSO, or as GALAXY but with some signature of AGN emission (i.e. SUBCLASS =AGN, AGN BROADLINE, BROADLINE, STARBURST BROADLINE, or STARFORMING BROADLINE). Blazar/BL Lacs identified through visual inspections constitute 2 and 5 percent of the RASS and XMMSL samples respectively. Another 2-3 percent of the spectra are classified as GALAXY with signs of ongoing star-formation activity (SUBCLASS Table 2 . The frequency of spectroscopic classifications within the samples of RASS and XMMSL targets with spectra in SDSS-DR12. These statistics only include the objects for which we either have i) high confidence visual inspections and pipeline redshifts which agree with the visual inspection redshifts, or ii) where visual inspection has classified the object as Blazar/BL Lac with reasonable confidence. Except for Blazar/BL Lacs, the CLASS and SUBCLASS parameters are taken directly from the BOSS pipeline outputs, described in full by Bolton et al. (2012) . =STARBURST and STARFORMING). It is feasible that AGN emission features in these star-forming galaxies (SFG) could be overwhelmed by the emission lines powered by star formation. Alternatively some or all of the X-ray emission could be powered by star-formation activity. Only a small fraction (1-2 percent) of the X-ray sources are classified as STAR. However, virtually all of the X-ray sources having optically bright but unobserved counterparts (unobserved because they are brighter than the SDSS spectroscopic limit), are also likely to be Galactic stars. A significant minority of the X-ray sources (14 percent for RASS, and 8 percent for XMMSL) have spectra classified by the BOSS pipeline as GALAXY, with no subclass, i.e. optically quiescent galaxies (commonly referred to as 'X-ray bright, optically normal galaxies ', XBONGs Comastri et al. 2002) In each bin the colours indicate the fraction of objects which are classed in five broad categories: AGN (including QSOs, narrow line AGN and any objects exhibiting broad emission lines, blue shaded region), Blazars (including objects classed as BL Lac, yellow), SFGs (including objects classed as star-forming or starburst galaxies, green), Galactic stars (magenta), and XBONG (objects classed as Galaxy with no subclass, red). The relative number of objects in the parent sample falling in each bin is indicated by the black dashed histogram.
CLASS
topoulos & Georgakakis 2005; Page et al. 2006; Civano et al. 2007; Trump et al. 2009; Menzel et al. 2016 , and references within) with the optical dullness of such galaxies most often attributed to either dilution of a 'normal' AGN signature by the host galaxy light, or to objects with intrinsically weak AGN emission signatures (Trump et al. 2009 ). Alternatively, when the X-ray and optical measurements are well-separated in time, then strong luminosity variations could potentially be another reason for the lack of a clearly observed optical AGN signature. It is also possible for weak AGN signatures to remain hidden within the noise of low SNR and/or low resolution spectra; as typically obtained by spectroscopic follow-up programs where the primary goal is just to obtain redshift measurements for as many X-ray sources as possible.
In previous studies, XBONGs have typically been found in much smaller quantities than seen in our two X-ray samples (c.f. rates of 2.5 percent in the XMM-COSMOS sample; Cappelluti et al. 2009; Trump et al. 2009 , and 4 percent in the XMM-XXL survey; Menzel et al. 2016) . We would also not expect XBONGs to appear in the high X-ray luminosity part of our samples (see Fig. 21 ), where the mismatch between X-ray and optical properties is most marked. In order to explain these apparent discrepancies we have investigated the SPIDERS XBONG sample in more detail.
One potential explanation for the lack of clear spectroscopic signatures of AGN activity appearing in the spectra of these objects is that such features (e.g. broad H α, H β ; strong [O III]) are redshifted out of the observed wavelength range. However we can see from of the apparent XBONGs lie at z < 0.4, where the H α line is still within the red limits of the SDSS and BOSS spectrographs (920 and 1040 nm respectively; Smee et al. 2013 ); all of the apparent XBONGS lie at redshifts where the H β and [O III] lines are comfortably within the wavelength range of the observed spectra. Fig. 23 shows that there is no obvious trend for the fraction of quiescent galaxies to increase at low X-ray detection likelihoods, so we cannot immediately attribute the apparent excess of quiescent galaxies to spurious X-ray detections. However, Fig. 24 illustrates that these quiescent galaxies form a significant fraction of the X-ray→AllWISE associations with small values of P post , and so could potentially be contaminated by a higher than average rate of incorrect associations. Note that the BOSS pipeline can assign an empty subclass to galaxies having only weak emission lines, including objects with weak evidence of AGN emission (such features were not uniformly searched for as part of the visual inspection process). Therefore, not all of the SPIDERS-AGN sources associated with quiescent galaxies will be completely passive.
In order to keep our input X-ray samples as complete as possible we have not filtered the RASS and XMMSL catalogues to exclude objects with significantly extended X-ray emission; in any case the significant detection of source extent for marginally resolved objects close to the detection limit is extremely difficult. Therefore, it is possible, in some fraction of cases, that we have falsely attributed X-ray emission to AGN activity, whereas it is actually emission from the intra-cluster medium of a galaxy cluster. In order to test this hypothesis we examined the rate at which the RASS and XMMSL sources that are associated with spectroscopically quiescent galaxies also appear within the optically-selected 'red-sequence Matchedfilter Probabilistic Percolation' (redMaPPer) catalogue of candidate cluster member galaxies presented by Rykoff et al. (2014) . We cross-matched the redMaPPer catalogue to the optical counterparts of RASS and XMMSL sources having SDSS-DR12 spectra, using the optical positions and a matching radius of 1 arcsec. We only consider redMaPPer galaxies that have cluster membership probabilities of at least 50 percent (and which lie in clusters of 'richness' 20). We find that a significant fraction (∼35 percent) of the XBONGs are matched to redMaPPer cluster member galaxies (623/1639 and 38/123 of the XBONG counterparts to RASS and XMMSL sources, respectively). As a comparison, the frequency with which redMaPPer galaxies are matched to the non-XBONG counterparts to RASS and XMMSL sources is much lower, of order 1 percent. It is therefore likely that some, but not all of the apparent XBONGs in our spectroscopic samples are actually due to X-ray detections of galaxy clusters. We note that only 2 percent of the SPIDERS-AGN targets put forward for observation within eBOSS/TDSS/SPIDERS are also selected as galaxy cluster targets by Clerc et al. (2016) . In Appendix C we present a full breakdown of the overlap of SPIDERS-AGN targets with other eBOSS/TDSS/SPIDERS target classes.
DISCUSSION
6.1 Comparison with Anderson et al. (2007) Our spectroscopically identified sample of RASS sources described in section 5.1 is 70 percent larger that that presented by A07. This is due both to the smaller spectroscopic survey footprint that was available to A07 (5740 deg 2 versus the 10 788 deg 2 considered here), and also due to the increased sky density of spectroscopic identifications in our sample. In the common area, our catalogue contains 32 percent more RASS sources with spectra than the catalogue of A07.
We find that 6444 of the RASS sources with unambiguous spectroscopic counterparts presented by A07 also appear in our catalogue of RASS sources with AllWISE+SDSS-DR13 photometric counterparts. For 95.6 percent of these Xray sources we choose exactly the same optical counterpart (within 0.5 arcsec) as chosen by A07. For most (207/281) of the disagreements, we choose a counterpart that is closer to the RASS position than that chosen by A07. This is not unexpected since A07 have considered all potential spectroscopic counterparts lying anywhere within a 1 arcmin radius circle centred on the X-ray position (essentially a flat prior), whereas the Bayesian cross-matching algorithm smoothly down-weights potential counterparts lying far from the nominal X-ray position. The two samples have similar bulk properties, e.g. the median r-band magnitude is 18.2 for our spectroscopically identified RASS sample compared to 18.3 for the subset which also appear in A07. Similarly, for extragalactic sources, the median X-ray luminosities are 10 43.9 and 10 44.0 erg s −1 (0.5-2 keV), and the median redshifts are 0.36 and 0.41 for our spectroscopically identified RASS sample and the A07 subset respectively.
Predictions for the SPIDERS-AGN Tier-0 program
The combination of existing (SDSS-DR12) redshift measurements and the forthcoming SDSS-IV/SPIDERS data-set will allow us to build a highly complete sample of X-ray selected AGN. We can make a confident prediction for the characteristics of the RASS and XMMSL samples at the end of the SPIDERS program. Scaling down from the full BOSS footprint (10 778 deg 2 ), we expect ∼22500 RASS sources and ∼2670 XMMSL sources to lie within the 7500 deg 2 predicted to be covered by the final eBOSS survey footprint. Including both the existing SDSS-DR12 spectra and spectra expected to be collected during SDSS-IV, we estimate that ∼63 percent of RASS and XMMSL sources in the eBOSS footprint will have spectroscopic redshift information available at the completion of the SPIDERS observations. This does not take into account the large fraction (around 25 percent) of RASS and XMMSL sources which are associated with optical counterparts (mostly stars) brighter than the bright limit of the BOSS spectrograph (fiber2Mag_i<17). Discounting these optically very bright sources, the spectroscopic coverage rises to 88 percent. The success rate for reliably measuring redshifts/classifications from SDSS spectra of counterparts to RASS and XMMSL sources is very high, even for the faint end of the population (∼97 percent), Therefore we estimate that, at least for fiber2Mag_i 17, the fraction of the RASS and XMMSL samples with reliable spectroscopic redshift measurements will be ∼85 percent by the end of the survey.
In summary, the combination of our novel source identification method, and systematic spectroscopic follow-up with SDSS will result, after completion of the SPIDERS-AGN Tier-0 program, in highly complete samples of X-ray selected AGN, probing in a unique way, the portion of the luminosity-redshift plane populated by the most luminous accreting black holes.
CONCLUSIONS
We have presented here identification of RASS and XMMSL point-like sources with longer wavelength counterparts in SDSS and WISE catalogues with a novel Bayesian crossmatching algorithm that allows priors from multiple catalogues to be considered. In particular, we have shown how the location of sources in the WISE [W 2],[W 1-W 2] colourmagnitude diagram provides a very efficient way to identify correctly (with 88 percent purity overall, and 93 percent for the subset having high confidence X-ray detections) the mid-IR counterparts to the bright X-ray sources detected in the RASS and XMMSL surveys.
We have then used our new identifications to inform the targeting for the ongoing SPIDERS survey, a subprogramme of the SDSS-IV project, and we present the list of SPIDERS-AGN targets submitted over the entire BOSS imaging footprint. In addition, we present samples of 11 913 RASS+AllWISE and 1482 XMMSL sources that we have associated with spectra published in the SDSS-DR12 catalogue, already one of the largest uniformly selected spectroscopic samples of X-ray AGN ever compiled.
Based on such samples, and on the progress of the ongoing eBOSS/TDSS/SPIDERS survey, we estimate that, at the end of the SDSS-IV program, combining spectra from all generations of SDSS surveys, we will compile a highly complete (∼85 percent) sample of good-quality optical spectra for more than 15 000 bright X-ray AGN selected both in the soft (ROSAT ) and broad (XMM-Newton) X-ray bands, over an area of ∼7500 deg 2 . time: from current surveys to eROSITA-Euclid Synergies' (CIG 321913). spectral model of a power-law absorbed by the full Galactic column of neutral material. This simplifying assumption, valid for the extragalactic AGN in which we are most interested, does however result in overestimated unabsorbed fluxes, for any Galactic sources that lie in front of a significant fraction of the total Galactic column.
We estimate the Galactic column density in the direction of each RASS source using the map of Galactic N H provided by the NASA LAMBDA team 21 , which in the region of interest (Dec>-30 deg) is based on data from the Leiden/Dwingeloo HI Survey (Hartmann & Burton 1997) . The RASS sources in our sample have a range of Galactic column density in the range 10 19.6 N H 10 21.1 cm −2 , with median N H =10 20.36 cm −2 , see the bottom panel of Fig. A1 .
To predict the instrumental count rates expected per unit flux for the above mentioned spectral model we use the xspec tool combined with the ROSAT PSPC-C (Position Sensitive Proportional Counter-C) on-axis response matrix 22 , which is appropriate for RASS observations made prior to 1991 Jan 25. We calculated the count rates and model fluxes over a grid covering the range 10 19.5 N H 10 22 cm −2 , and for spectral slopes in the range 1.0 Γ 3.0. From the xspec outputs we then calculate the multiplicative energy conversion factors (ECF), which convert from observed count rate to energy flux, and also the ratios of count rates expected between different detector energy ranges (i.e. hardness ratios). Voges et al. (1999 Voges et al. ( , 2000 provide two hardness ratios for the RASS sources; HR1 is calculated between energy bands 'A' (PSPC-C channels 11-41, ∼0.1-0.4 keV) and 'B' (channels 52-201, ∼0.5-2 keV), and HR2 is calculated between energy bands 'C' (channels 52-90, ∼0.5-0.9 keV) and 'D' (channels 91-201, ∼0.9-2 keV). The hardness ratios are computed as HR = (H − S)/(H + S), where H and S are the vignetting-corrected count rates in the harder and softer bands, respectively.
We compare the predicted model hardness ratios (HR1, HR2) with the observed distributions, binned in small steps of Galactic N H , see Fig. A1 . The RASS sources have a wide scatter of hardness ratios, presumably the result of some intrinsic range of spectral shapes within the source population that is additionally broadened by measurement errors. The smaller scatter in HR1 and HR2 for RASS sources with SNR>5 indicates that at least some of this scatter is likely to be due to measurement errors. However, a trend of increasing median (and inter-quartile range) of the hardness ratios with Galactic N H can be clearly seen for both the full source sample and for the SNR>5 subset. Over the majority of the N H range the median of the HR2 distribution is well traced by a spectral model having Γ = 2.5. At Galactic columns smaller than N H ∼ 10 20.5 cm −2 the distribution of RASS sources in HR1 appears to favour a slightly harder spectrum with Γ ∼ 2.3, hinting at mild spectral curvature over the 0.1-2 keV energy range. Therefore, in order to convert the RASS instrumental count rates and errors to fluxes, we have adopted the intermediate spectral index of Γ = 2.4.
Note that A07 assumed a slightly softer slope of Γ = 2. to convert from RASS count rates to fluxes. In the top panel of Fig. A1 we show the ECF derived using the A07 recipe in comparison to the ECFs derived using xspec. The A07 ECF is always equal to or larger than the ECF adopted here, with the ratio increasing from ∼ 1 at Galactic N H =10 19.5 cm −2 to ∼ 1.2 at N H =10 21 cm −2 , and then declining at larger values of N H . At the median Galactic N H of the RASS sources (10 20.36 cm −2 ), the ECF of A07 is 12 percent larger than that used in our work.
A2 Estimating unabsorbed X-ray fluxes for 3XMM-Bright sources
The flux estimates supplied in the 3XMM catalogue were calculated assuming a simple power-law spectrum with photon-index Γ = 1.7 absorbed by a fixed neutral column density of N H =2 × 10 20 cm −2 (Mateos et al. 2009 ). These fluxes have not been corrected for Galactic absorption. We have adopted the following method to estimate the unabsorbed fluxes of the 3XMM sources in the 0.1-2.4 keV band to allow direct comparison with the fluxes of RASS sources. We first make the assumption that the 3XMM catalogue fluxes represent a good estimate of the absorbed energy flux in each of the relatively narrow energy bands over which they were calculated: 0.2-0.5 keV (band 1), 0.5-1 keV (band 2) and 1-2 keV (band 3). We then use a look-up table to correct the flux in each of these three energy bands by an amount appropriate for the Galactic column density local to the direction of each source (Hartmann & Burton 1997) . The look-up table was calculated using xspec and assumes an intrinsic spectral model of a power-law having photon index Γ = 2.4. The unabsorbed flux in the 0.2-0.5 keV band is then extrapolated to 0.1-0.5 keV and the 1-2 keV band is extrapolated to 1-2.4 keV using correction factors appropriate for a spectral model of a power-law having photon index Γ = 2.4. Specifically, for a power-law this bandwidth correction factor is given by
where [E min : E max ] and [E min : E max ] give the energy bounds of the new and original energy bands respectively. Finally, our estimate of the unabsorbed 0.1-2.4 keV flux is given by the unweighted sum of the unabsorbed flux estimates in the 0.1-0.5, 0.5-1 and 1-2.4 keV bands.
APPENDIX B: ANALYSIS OF 3XMM-Bright SOURCES WITHOUT COUNTERPARTS IN AllWISE
In order to determine if the few 3XMM-Bright sources lacking mid-IR counterparts represent a population of X-ray bright but IR faint emitters, we have visually inspected the XMM-Newton, SDSS and AllWISE images at the Xray locations of each of the 49/1049 3XMM-Bright sources that do not have at least one AllWISE counterpart within 3 arcsec. The reasons for this can be categorised as follows. i) In 19/49 cases, the lack of a counterpart in the AllWISE catalogue is due to pairs or groups of astrophysical objects being blended in the ∼6 arcsec resolution AllWISE images. In many of these cases the correct counterpart to the Xray source (as determined from inspection of higher angular resolution SDSS optical images) is lost in the wings of the PSF of a bright star. ii) In 15/49 cases, the X-ray source lies very close to the edge of the XMM-Newton field of view, and hence the X-ray positions are less well constrained than the nominal positional errors in the catalogue would suggest. For most (10/15) of these high off-axis-angle sources, a potential AllWISE counterpart lies within 5 arcsec of the X-ray position, and for the remainder an AllWISE counterpart lies within 15 arcsec. iii) In 9/49 cases, the X-ray position lies within the optical disk of a nearby well resolved galaxy. iv) In 3/49 cases, the X-ray source can be associated with a high proper motion star, which has moved more than 3 arcsec from the X-ray position in the time that passed between the XMM-Newton observation and the AllWISE observations. v) Finally, in just 3/49 cases, the 3XMM-Bright source can be associated with a faint optical counterpart that in the mid-IR is below the detection limit of the All-WISE survey. One of these (3XMM J003027.4+045139) is the pulsar PSR J0030+0451 (Bogdanov & Grindlay 2009 ), one (3XMM J133935.6-003132) is associated with a faint counterpart (i =20.9±0.1, SDSS J133935.59-003132.7) in the SDSS imaging, and one (3XMM J220221.4+015330) has no optical counterpart visible in the SDSS imaging. Fortuitously, the latter source lies within the footprint of the CHFTLS-Wide survey, and we find that there is a single catalogued detection within 3 arcsec of the 3XMM-Bright position: an extremely faint object with i=24.06±0.16 (CFHTLS 1411 033310; Hudelot et al. 2012) . We conclude that mid-IR-faint objects do not form a large fraction of the X-ray source population at the bright X-ray fluxes probed by the 3XMM-Bright sample.
APPENDIX C: SDSS TARGETING EFFICIENCY AND OVERLAP OF SPIDERS-AGN TARGETS WITH OTHER eBOSS/TDSS/SPIDERS TARGET TYPES
Within the eBOSS/TDSS/SPIDERS project, a heterogeneous mix of targets from a variety of classes share the focal plane during each observation. Designing a near-optimal set of SDSS plug-plates based on these target lists ('tiling' in the SDSS parlance) is a non trivial task, described in full by Dawson et al. (2016) . In summary, the method is to first assign each target category into one of several ranked collision groups. Each group is tiled in sequence, taking account of the results of previous tiling rounds. Within each collision group a priority ranking scheme is used to determine which target receives a fibre in cases of collisions. SPIDERS targets are considered within the first round of fibre assignments, and as they form the numerically smallest target type and have the highest scientific requirement for completeness, they are given the highest priorities within that round. Therefore, SPIDERS targets can potentially miss out on being assigned a fibre only if they are within 62 arcsec of another SPIDERS target (or if they are flagged as belonging to one of the eBOSS cosmology samples, see below). Within SPIDERS we adopt an internal target priority ranking, again following a scheme wherein rarer populations are tiled with higher priority. The SPIDERS targets are ranked as follows (from highest to lowest priority): i) Brightest Cluster Galaxies from the SPIDERS-Clusters survey, ii) SPIDERS_XMMSL_AGN targets, iii) SPIDERS_RASS_AGN targets, and iv) SPIDERS-Clusters member galaxies. We note that, in order to avoid imprinting a bias in the selection function of eBOSS main samples, any SPIDERS targets that are also selected by one of the eBOSS cosmology target selection algorithms (see below) are tiled with the same priority as targets from those other programs (i.e. at a lower priority than for unique SPIDERS targets).
At the time of writing (early 2017), a substantial fraction of the tiling process for the eBOSS/TDSS/SPIDERS survey has been carried out, covering 4010 deg 2 of sky (the tiling 'chunks' named internally as eboss1-5, eboss9, and eboss16). In this initial sky area, indicated in Fig. 9 , we find that 3971/4057 of SPIDERS_RASS_AGN targets and 369/376 of SPIDERS_XMMSL_AGN targets are assigned a fibre; an impressive targeting efficiency of 98 percent. Within eBOSS/TDSS/SPIDERS there are a number of independent routes through which an object can be selected to receive a fibre, and so some targets are included in more than one target selection scheme. In Table C1 we list the eBOSS/TDSS/SPIDERS target categories which overlap with the SPIDERS_RASS_AGN and SPIDERS_XMMSL_AGN targets in the first 4010 deg 2 of tiled eBOSS sky. We find that 25 percent of SPIDERS_RASS_AGN targets and 22 percent of SPIDERS_XMMSL_AGN targets overlap with at least one other non-SPIDERS target class. We can see that for SPIDERS_RASS_AGN targets, the most frequent overlap (17 percent) is with the core eBOSS QSO target sample (QSO1_EBOSS_CORE), which is targeting optical+mid-IR selected objects in the redshift range 0.9 < z < 2.2 (Myers et al. 2015) . There is also some overlap with the TDSS project (12 percent of SPIDERS_RASS_AGN targets), see Morganson et al. (2015) for more details. For SPIDERS_XMMSL_AGN, the most frequent overlap, as would be expected, is with SPI-DERS_RASS_AGN targets (32 percent), although there is also a significant overlap with the eBOSS QSOs and TDSS targets. Note that the entries for XMMSL targets in Table C1 should be considered indicative only, as for this sky area we used a version of the SPIDERS_XMMSL_AGN catalogue which mistakenly excluded sources having multiple X-ray detections (see section 2.2). X-ray sources -u-band Field sources -u-band X-ray sources -r-band Field sources -r-band Figure D1 . A graphical representation of the Bayesian priors that were used when choosing optical counterparts to RASS sources for the SEQUELS survey. For each filter considered (u: light blue lines, r: red lines), we show the magnitude distribution of the X-ray reference sample (solid) and the field population (dashed). The ratio of the reference curve to the field curve gives the prior for any potential candidate.
which produces a ranked list of potential counterparts for each remaining X-ray source, we further down-selected the sample to form a list of potential spectroscopic targets. For each RASS source we considered only the 'best' optical counterpart (the one having the highest posterior probability as determined by Nway). Many (408/1563) of the best optical counterparts already had spectroscopic identifications/redshifts in the SDSS-DR11 spectroscopic catalogue (Alam et al. 2015, 80 with CLASS=QSO; 77 with CLASS=STAR; 240 with CLASS=GALAXY) and so were removed from further consideration. Of the remaining 1155 X-ray sources, we retained only the 630 having counterparts inside the magnitude range accessible by ∼1 hour exposures with the BOSS spectrograph (17 r 22 mag; 455 were too bright, and 30 were too faint). Finally, we discarded three of the remaining RASS sources which had poorly determined X-ray positions and uncertainties. The filtering steps left 627 optical counterparts to be put forward for targeting within the SE-QUELS program. A catalogue of these targets is presented in Appendix E5. At the plate design stage (after collation of all categories of SEQUELS targets), 599/627 of our targets were allocated a fibre within at least one of the 222 plates designed for SEQUELS. There were 307 RASS-selected AGN targets of which lie within the 117 plates that were actually manufactured and observed before the conclusion of the SEQUELS programme. The SDSS spectra associated with these targets have the SPIDERS_RASS_AGN flag set within the EBOSS_TARGET0 bitmask in the SDSS-DR13 spectroscopic database (SDSS Collaboration et al. 2016) .
of the tested combinations performed as well as the u-and r-band magnitude priors finally adopted here.
APPENDIX E: DETAILED DESCRIPTION OF SPIDERS-AGN CATALOGUES
In this section we describe the format and content of the catalogues released as part of this paper. All of these catalogues are supplied in the Flexible Image Transport System (FITS) file format (Pence et al. 2010) and are distributed via the MPE X-ray surveys website (http://www.mpe.mpg.de/ XraySurveys/SPIDERS/SPIDERS_AGN). The SPIDERS-AGN target catalogues are also hosted (albeit, in a slightly different format to that described below) on the SDSS-DR13 website (https://data.sdss.org/sas/dr13/eboss/ spiders/target), and their content is described on the corresponding 'data model' webpage (https://data.sdss. org/datamodel/files/SPIDERS_TARGET). For each column of each catalogue we give the column name, the FITS format code, and a description of the column's meaning, including units where appropriate.
E1 Catalogue of RASS sources with spectroscopy in SDSS-DR12
See section 3.5 for a description of how this catalogue was created. The RASS+SDSS-DR12 catalogue contains 11913 entries, with the following columns:
• RASS * X-ray source properties derived from the RASS source catalogues • RASS ID (16A) RASS source identifier • RASS BF FLAG (1A) Flag indicating if this X-ray source is taken from the RASS-BSC ('B') or RASS-FSC ('F') • RASS RA (1D) Right Ascension of X-ray source (deg, J2000)
• RASS DEC (1D) Declination of X-ray source (deg, J2000)
• RASS RADEC ERR (1E) 1 σ uncertainty on X-ray position (arcsec)
• RASS SRC RATE (1E) Observed X-ray count rate in the 0.1-2.4 keV band (ct s −1 )
• RASS SRC RATE ERR (1E) Statistical uncertainty on X-ray count rate (ct s −1 )
• RASS BACK RATE (1E) Estimated background count rate at source location (ct s −1 arcmin −2 ) • RASS TEXP (1E) Effective exposure time at source location (s) • RASS HR1 (1E) First hardness ratio measure • RASS HR1 ERR (1E) Uncertainty on first hardness ratio measure • RASS HR2 (1E) Second hardness ratio measure • RASS HR2 ERR (1E) Uncertainty on second hardness ratio measure • RASS EXT LIKE (1E) Likelihood of X-ray source being extended • RASS DET LIKE (1E) Likelihood of X-ray source detection • RASS ECF GAMMA2p4 (1E) Multiplicative energy conversion factor used to convert from observed count rate to unabsorbed flux assuming a power-law spectrum with slope 
